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Available online xxxxDiscriminating real human faces from artiﬁcial can be achieved quickly and accurately by face-processing net-
works, but less is known about what stimulus qualities or interindividual differences in the perceiver might in-
ﬂuence whether a face is perceived as being alive. In the present studies, morphed stimuli differing in levels of
animacy were created. Participants made judgements about whether the face appeared animate at different
levels along the morph continuum. The faces varied in terms of emotional expression (happy vs. neutral) and
gender. Male faces were judged to be animate at a lower threshold (i.e., closer to the inanimate end of the con-
tinuum) than female faces. Animacy was also perceived more readily in faces with happy expressions than neu-
tral. These effects were observed across two separate studies involving different participants and different sets of
stimuli (animate faces morphed with dolls or those morphed with computer generated faces). Finally, the inﬂu-
ence of interindividual variability in personality traits on animacy perception was examined. This revealed that
an externally oriented cognitive style, a component of alexithymia, was associatedwith lower thresholds for per-
ceiving animacy, for animate faces morphed with dolls. The ﬁndings are discussed in relation to inter- and intra-
individual variability in animacy perception and social interaction.
© 2017 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).Keywords:
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Objectiﬁcation1. Introduction
The accurate identiﬁcation of animate (i.e., living beings capable of
independent actions, thoughts, and emotions) human faces from inani-
mate objects is vital for social interaction and carries a key evolutionary
advantage. This process relies on perceptual cues from the whole face,
including structural and featural information (Balas & Horski, 2012;
Balas & Tonsager, 2014). Two features of particular importance are the
eyes and mouth (Looser & Wheatley, 2010), which are thought to play
a key role in detecting animacy as they convey socially relevant infor-
mation such as speech, intentions, and emotional expressions (Emery,
2000; Langton, Watt, & Bruce, 2000).Goldsmiths College, University
. This is an open access article underPrevious experiments on the perception of animacy have used stim-
uli that are morphed between human and dolls' faces, and report a
threshold for perceiving life at 67% (Looser & Wheatley, 2010). Several
studies also compare the ‘Point of Subjective Equality’ (PSE). This refers
to the point on the morph continuum at which stimuli are judged to be
50% animate. A stimulus at this point on the continuum is therefore
equally likely to be perceived as either animate or inanimate. This
point consistently falls closer to the animate end of the stimulus contin-
uum, and ranges between 56–68% (Balas, 2013; Balas & Horski, 2012;
Hackel, Looser, & Van Bavel, 2014; Looser & Wheatley, 2010). Two
stimulus factors that have been shown to inﬂuence the PSE are the so-
cial identity of the stimulus (e.g. Hackel et al., 2014; Swiderska,
Krumhuber, & Kappas, 2012) and stimulus gender (e.g. Balas, 2013).
With regards to gender, Balas demonstrated that female faces are less
likely to be perceived as animate than male faces; and animate faces
less likely to be perceived as female than male. These results have led
to suggestions that they reﬂect the dehumanisation or objectiﬁcationthe CC BY license (http://creativecommons.org/licenses/by/4.0/).
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ly tested for animacy perception. A purely perceptual account of why
gender of a facemay inﬂuence animacy judgments can also bemade. Fe-
male faces are associated with narrower jawlines and lighter skin pig-
mentation compared with male faces (Brown & Perrett, 1993; Frost,
1988) and as such share a closer similarity with the doll faces typically
used in animacy experiments than male faces do. This may result in fe-
male face stimuli being rated as less animate than male stimuli. These
differing hypotheses are not mutually exclusive, and it is possible that
both processes contribute to the reported gender differences in animacy
perception. Here we sought to investigate both the objectiﬁcation and
perceptual hypotheses of gender difference. Objectiﬁcation is addressed
by incorporating ameasure of the extent to which participants objectify
women's bodies. If objectiﬁcation underlies the gender differences seen
in animacy perception, then participants who demonstrate greater ob-
jectiﬁcation of women should show higher animacy thresholds for fe-
male faces than those who score low on objectiﬁcation of women.
In addition to gender and social identity a number of other factors
may be important to animacy perception. For example, face perception
research frequently uses achromatic stimuli to avoid confounding ef-
fects of differences in facial pigmentation. However, themajority of pre-
vious facial animacy perception studies (Balas, 2013; Hackel et al., 2014;
Looser & Wheatley, 2010; Powers, Worsham, Freeman, Wheatley, &
Heatherton, 2014; Swiderska et al., 2012; Wheatley, Weinberg, Looser,
Moran, & Hajcak, 2011) have used chromatic stimuli. It is therefore un-
clear how important colour cues such as skin pigmentation are for de-
tecting animacy in a face. This casts some doubt on the validity of
comparing animacy thresholds for different stimulus faces (e.g. gender
and racial groups) where colour cues have not been controlled. Where
achromatic stimuli have been used (Balas & Koldewyn, 2013; Balas &
Tonsager, 2014; Looser, Guntupalli, & Wheatley, 2013), there has been
no direct comparison of achromatic and chromatic stimuli, and so it re-
mains unclear whether the results can be applied to animacy judge-
ments made with chromatic stimuli, either in previous studies or real-
world perception.
Further, to our knowledge, no previous research on animacy percep-
tion has considered the effect of the emotional expression of the stimu-
lus on animacy thresholds. The studiesmentioned above have averaged
together ratings for several different stimuli, regardless of the emotion
expressed. Given the social signiﬁcance of emotion expression
(Keltner & Kring, 1998), it seems likely that this factor may inﬂuence
animacy perception from faces. More speciﬁcally, if animacy reﬂects a
capacity for experiencing emotion (Looser et al., 2013), it follows that
a face expressing emotion would be more likely to be perceived as
animate than a face with neutral expression. The importance of the
eyes and mouth in making animacy judgements (Looser & Wheatley,
2010) lends further support to this hypothesis, since these features
are also particularly relevant for conveying and perceiving emotion
(Eisenbarth & Alpers, 2011; Emery, 2000; Langton et al., 2000; Yuki,
Maddux, & Masuda, 2007). Collectively, this evidence indicates that
emotional expression may inﬂuence animacy perception judgements.
In conjunctionwith properties of the stimulus, individual differences
in the observer can inﬂuence animacy perception judgements. For ex-
ample, the readiness with which facial animacy is perceived has recent-
ly been linked to the desire for social connection. In this study by Powers
et al. (2014), scores on a Need to Belong Scale (NTBS; Leary, Kelly,
Cottrell, & Schreindorfer, 2013) correlated with animacy perception
thresholds, such that individuals with a greater desire for social accep-
tance and belonging perceived animacy at a lower threshold. Further,
participants subjected to an experimental manipulation to induce feel-
ings of social disconnection also judged animacy to occur at a lower
threshold than those who received a ‘socially connected’ induction.
The authors proposed that these results reﬂect an adaptive strategy on
the part of individuals who feel socially isolated, where perceiving
animacymore readily increases the likelihood of valuable social interac-
tion. This idea ties in with the suggestion that animacy is perceivedmore readily for in-groupmembers than out-group due to a greatermo-
tivation for social interaction with the in-group (Hackel et al., 2014). If
attributing animacy to an ambiguous stimulus indeed reﬂects a strategy
to gain social interaction, then thresholds should also be lower for indi-
viduals with increased loneliness. Epley, Akalis, Waytz, and Cacioppo
(2008) report that self-reported loneliness correlates positively with
mental state attribution in objects. In this study more lonely individuals
were more likely to describe an inanimate object as having “a mind,”
“intentions,” and “emotions.” Further, experimentally induced social
disconnection led to greater attribution of anthropomorphic traits relat-
ed to social connection to their pets. As yet the relation between loneli-
ness and animacy perception has not been explored.
Previous results linking desire for social connection with increased
animacy perception (Powers et al., 2014) suggest that other social fac-
tors may also inﬂuence how animacy is perceived. Individuals with
high trait social anxiety appear to demonstrate attentional biases to-
wards socially relevant stimuli. However, the direction of this bias is
not yet clear, with increased attention observed in certain contexts,
and avoidance in others (for reviews see Bögels & Mansell, 2004;
Heinrichs & Hofmann, 2001). In either case we might predict socially
anxious individuals to demonstrate altered detection of animacy in
human faces, comparedwith controls. In the case of increased attention,
individualswith social anxietymay identify animacymore readily, lead-
ing to lower animacy thresholds; and in the case of avoidance individ-
uals may be less likely to detect animacy in the face, leading to higher
thresholds. Evidence from Epley et al. (2008) favours the former hy-
pothesis, demonstrating that experimentally induced fear leads to
greater likelihood of perceiving faces in ambiguous line drawings, com-
pared with induced social disconnection. The hypothesised relation be-
tween social anxiety and animacy perception therefore provides an
interesting research question, as well as a tool for understanding the
cognitive biases associated with the condition.
A ﬁnal trait factor that could be implicated in the detection of
animacy is alexithymia. Alexithymia is a subclinical personality trait
reﬂecting difﬁculties identifying and describing emotions, and the ten-
dency to focus attention externally, while reducing emotional experi-
ences (Bagby, Parker, & Taylor, 1994). It is reported in higher levels in
males than females (Franz et al., 2008). Alexithymia is thought to in-
volve deﬁcits in processing emotion information (Lane et al., 1996)
and in facial emotion recognition speciﬁcally, though studies of the lat-
ter have so far yielded mixed results (Cook, Brewer, Shah, & Bird, 2013;
Grynberg et al., 2012; Jongen et al., 2014; Pandey & Mandal, 1997;
Parker, Taylor, & Bagby, 1993). If, as we hypothesise, emotion recogni-
tion is involved in detecting animacy, then itmay follow that individuals
high in alexithymia show differential facial animacy processing, com-
pared with those who score low. Alexithymia has also been associated
with impairments in empathy (Bird et al., 2010; Parker, Taylor, &
Bagby, 2001) and in ‘mentalizing,’ understanding the mental states of
others (Moriguchi et al., 2006). Since animacy perception involvesmak-
ing a judgement about whether a stimulus has the capacity to possess
mental states, this provides further support for the notion that
alexithymia would be associated with reduced perceptions of animacy.1.1. Current study
With the aforementioned studies in mind, the current online study
compared the effect of stimulus qualities and individual differences of
the perceiver on perception of animacy in ambiguous face stimuli.
These stimuli were created bymorphing images of human faceswith vi-
sually matched doll faces that varied in colour (achromatic vs. chromat-
ic), gender (male vs. female) and emotional expression (happy vs.
neutral). The inﬂuence of individual differences in the perceiver rele-
vant to social interaction on animacy judgements was also assessed.
The relation between interindividual variability in the following traits
and facial animacy perception were examined: ‘Need to Belong’ (as
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jectiﬁcation. Speciﬁcally, we made the following predictions:
1. Male faces would be judged to appear animate at a lower threshold
than female faces.
2. Faces displaying emotion would be perceived to be animate at a
lower threshold than faces with neutral expression.
3. Facial animacy judgements would rely on colour cues in the face,
such as skin pigmentation.
4. Perception of animacy would be inﬂuenced by individual variability
in traits including need to belong, loneliness, social anxiety,
alexithymia and objectiﬁcation.
2. Experiment one
The ﬁrst experiment aimed to address each of the above hypotheses,
using a novel stimulus set formed of doll-human morphs.2.1. Method
2.1.1. Participants
The target sample size was 90. This target was calculated using an
a priori power analysis for a within-subjects t-test with 0.8 power
and 0.05 alpha level, based on the effect size previously obtained
by Hackel et al. (2014; Cohen's d = 0.3) when comparing within-
subjects animacy perception judgements of two stimulus types.
105 participants were then recruited online using the University Col-
lege London Sona System, to account for some attrition from the on-
line task. Volunteers were given a £7.50 Amazon voucher for
completing the study. Data from one participant was excluded as
the individual completed the study twice, leaving 104 participants
(49 female, 55 male, age range 18–39 years, M = 26.6, SD = 6.7).
Ethnicity was classiﬁed into Asian (N = 43), Black (N = 5), Cauca-
sian (N= 48), or mixed/other ethnic background (N= 8). One par-
ticipant chose not to complete the ‘alive’ rating task, resulting in 103
participants for this section only. Some participants also missed or
chose to omit items on the self-report scales, meaning that overall
scores could not be calculated. This resulted in only 102 completing
participants for the Need to Belong and Loneliness Scales, and 103
participants for ‘Difﬁculty Identifying Feelings’ and total scores on
the Toronto Alexithymia Scale. No further data was collected follow-
ing analysis for these participants.2.1.2. Materials and methods
2.1.2.1. Stimuli. Face stimuli were created by morphing together images
of human faces from the Radboud Faces Database (RaFD; Langner et al.,
2010) with images of dolls, using FantaMorph software (Version 4;
Abrosoft Co., Beijing, China). Dolls were selected to represent male
and female faces, with happy and neutral expressions (Male, neutral
N= 6; Male, happy N= 3; Female neutral N= 4; Female happy N=
6). All stimuli (both dolls and human faces) were Caucasian and
human faces wore no cosmetics, piercings, facial hair or other
distinguishing features. Stimuli were 596 × 736 pixels and displayed
in an oval frame, removing external features (hair, ears, neck, etc.; see
Fig. 1a). All stimuli are available at http://dx.doi.org/10.5281/zenodo.
204416. They can also be obtained by emailing the corresponding
author.
Three rating taskswere completed. In each task still imageswere se-
lected from each morph at 10% intervals, creating 11 still images
representing different levels of animacy for eachmorph, and 209 stimuli
in total per block. For animacy threshold judgements, stills were select-
ed at 2% intervals, creating 50 images for each of the 19 morphs.2.1.2.2. Procedure. The online experiment comprised ﬁve main sections,
running as follows. All questionnaire measures and experimental tasks
are listed here:
1. Self-report questionnaires (see details below for information on
each)
a. Demographic information
b. Need to Belong Scale
c. UCLA Loneliness Scale
d. Toronto Alexithymia Scale
e. Social Interaction Anxiety and Social Phobia Scales (short versions)
f. Objectiﬁcation Questionnaire (Male)
g. Objectiﬁcation Questionnaire (Female)
2. Rating Task 1:Whether the face appears to be alive
3. Animacy threshold judgements
4. Rating Task 2:Whether the face is able to feel pain
5. Rating Task 3:Whether the face has a ‘mind’
All participants completed the tasks in the order above. The order of
rating tasks followed that used by Looser and Wheatley (2010). As the
authors suggest, ratings of whether the face had a mind were blocked
last, to avoid this inﬂuencing other animacy judgements. The threshold
task was given after the ‘alive’ rating task to avoid inﬂuencing these rat-
ings, since a similar judgement is beingmade, butmid-way through the
longer rating task blocks to prevent participant fatigue. All tasks follow-
ed the procedure used by Looser andWheatley. On starting the experi-
ment, participants were randomly assigned to either the chromatic
(N=53) or achromatic (N=51) condition. In the chromatic condition
stimuli were viewed in their original colour, and in the achromatic con-
dition stimuli were seen at 0% saturation.
2.1.2.2.1. Animacy thresholds. To set thresholds for perceived animacy,
participants were able to scroll through each morph at 2% intervals. They
were asked to “scroll along until you ﬁnd the point where you think the
face changes fromhaving the appearance of being alive tonot having the ap-
pearance of being alive. Then select the ﬁrst image on the alive side of that
threshold” (see Fig. 1b for an example). Faceswere seen as fully inanimate
when the scroll bar was on the left, and animate when on the right.
Starting positions of the scrollbar were randomised so that they ﬁrst ap-
peared at each end point on 50% of trials.
2.1.2.2.2. Rating tasks. For each rating task participants were required
to make a response on the given criteria for each of the 209 stimulus
faces. Responses were given on a 7-point Likert scale, with 1 meaning
deﬁnitely appears alive/feels pain/has a ‘mind’ and 7meaning deﬁnitely
doesn't appear alive/feel pain/have a ‘mind’. Each face was shown on
screen for 500 ms, after which participants responded by pressing 1–7
on their keyboard (see Fig. 1c for an example trial).
2.1.2.3. Self-report measures. Individual personality differences were
assessed with a battery of self-report questionnaires, these are detailed
below.
2.1.2.3.1. Need to Belong Scale. In an attempt to replicate the ﬁndings
of Powers et al. (2014), the Need to Belong Scale (NTBS; Leary et al.,
2013) was used as a measure of desire for social connections. Partici-
pants were required to rate the extent to which 10 statements, such
as “I do not like being alone,” were characteristic of them, using a 5-
point scale ranging from ‘Not At All’ to ‘Extremely.’ Possible scores
range from 10–50, with a higher score indicating greater desire for so-
cial connection. Leary and colleagues report good construct validity for
the scale as well as good reliability (α= 0.81). Internal consistency
was also good in our sample (α= 0.83).
2.1.2.3.2. UCLA Loneliness Scale. To further assess the effect of social
connection, the UCLA Loneliness Scale (Version 3; Russell, 1996) was
used. Participants were shown 20 statements, such as “I lack compan-
ionship” and asked to indicate how often they felt the way being de-
scribed, on a 4-point scale from ‘Never’ to ‘Often.’ Possible scores
range from 20–80, with a higher score representing greater loneliness.
Fig. 1. a) Example male/neutral (upper row) and female/happy (lower row)morph stimuli used in Experiment One. Stimuli are shown here at 20% intervals along themorph continuum.
b) Example trial on the threshold task. Participants could use the slider tomove up and down themorph continuum at 2% intervals, to select the threshold atwhich the face ﬁrst appeared
to be animate. c) Example trial on the rating task. Stimuli were displayed for 500 ms before a response was given using the 1–7 number keys.
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as construct and convergent reliability. Internal consistencywas also ex-
cellent in our sample (α= 0.91).
2.1.2.3.3. Social Interaction Anxiety and Social Phobia Scales. Short ver-
sions of the Social Interaction Anxiety and Social Phobia Scales (SIAS-6 &
SPS-6; Peters, Sunderland, Andrews, Rapee, & Mattick, 2012) were ad-
ministered to account for other possible inﬂuences onmotivation for so-
cial interaction. Each scale comprises six statements, and as for the
NTBS, participants are required to rate the extent to which each is char-
acteristic of them, using a 5-point scale ranging from “Not At All” to “Ex-
tremely”. Statements for the SIAS-6 included “I have difﬁculty making
eye contact with others,” and for the SPS-6 included “When in an eleva-
tor I am tense if people look at me.” Each scale generates a score be-
tween 0 and 24, with a higher score indicating greater anxiety. Peters
and colleagues demonstrate that the validity of these measures is not
sacriﬁced in the shortened versions. In our sample, good internal consis-
tency was found for both SIAS (α= 0.82) and SPS (α= 0.85).
2.1.2.3.4. Toronto Alexithymia Scale. The Toronto Alexithymia Scale
(TAS; Bagby et al., 1994) requires participants to indicate the extent
which they agree with each of 20 statements, including “I often don't
know why I am angry,” on a 5-point scale from “Strongly Disagree” to
“Strongly Agree.” Overall scores can range between 20 and 80, with a
higher score indicatingmore alexithymic traits. Responses can be grouped
into three subscales, measuring ‘Difﬁculty Describing Feelings’ (5 items),‘Difﬁculty Identifying Feelings’ (7 items), and ‘Externally Oriented Think-
ing’ (8 items),which refers to a tendency to focus attention outwards rath-
er than inwardly and includes items such as “I prefer to just let things
happen rather than to understandwhy they turned out thatway”. The au-
thors report good reliability (α=0.81) aswell as validity for the scale. Our
sample also reports good internal consistency (α= 0.83).
2.1.2.3.5. Self-Objectiﬁcation Questionnaire.Objectiﬁcation ofmen and
women was assessed separately with modiﬁed versions of the Self-Ob-
jectiﬁcation Questionnaire (Noll & Fredrickson, 1998; Strelan &
Hargreaves, 2005). In this task participants were required to rank 10
qualities in order of importance, ﬁrst for men and then for women.
These included 5 appearance-based, such as ‘physical attractiveness,’
and 5 competence-based traits, such as ‘physical coordination’. Ranks
for competence items can be deducted fromappearance items, to obtain
an overall objectiﬁcation score between −25 and 25, with a higher
score representing increased objectiﬁcation. Noll (1996, as cited in
Noll & Fredrickson, 1998) reports that the Self-Objectiﬁcation Question-
naire demonstrates acceptable construct validity.
2.3. Results
2.3.1. Self-report measures
Interindividual self-report questionnaires demonstrated a wide
range of responses in all the measured constructs. Means and range of
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are displayed in Table 2. Moderate to strong positive correlations were
found between subscales of the TAS, between the social anxiety mea-
sures SIAS and SPS and betweenmale and female objectiﬁcation scores.
In addition, a signiﬁcant positive correlation was found between NTBS
and male objectiﬁcation. Those with a greater need to belong reported
greater objectiﬁcation of men. The same relation was not found for fe-
male objectiﬁcation; however, this scale showed a signiﬁcant positive
correlation with the externally oriented thinking (EOT) subscale of the
TAS. Individuals who objectiﬁedwomenmore also report a more exter-
nally oriented cognitive style. Loneliness showed a signiﬁcant positive
correlationwith both SIAS and SPS,withmore lonely individuals report-
edly more socially anxious. Loneliness, SIAS and SPS all correlated posi-
tively with total TAS scores, as well as the ‘Identifying’ and ‘Describing’
subscales. Increased loneliness and social anxiety appears to be associat-
ed with a difﬁculty labelling identifying and describing emotions. How-
ever, of the three, only SPS resulted in a signiﬁcant positive correlation
with EOT.
Prior to examining the inﬂuence of trait differences on animacy per-
ception, the inﬂuence of participant demographic (age and gender) on
the trait measures were examined. Contrary to prior research (Franz et
al., 2008), male and female participants showed no signiﬁcant difference
in overall alexithymia scores (t[101] = 0.30, p = 0.762, Cohen's d =
0.06). However, male participants received signiﬁcantly higher scores
on theEOT subscale (t[102]=2.49, p=0.014, Cohen's d=0.49). No gen-
der differences were found on the ‘Identifying Feelings’ (t[101]=−1.21,
p = 0.230, Cohen's d = 0.24) or ‘Describing Feelings’ subscales
(t[102] = −0.09, p = 0.929, Cohen's d = 0.02). Gender differences
were found in NTBS (t[100] =−3.72, p b 0.001, Cohen's d= 0.74) and
male objectiﬁcation (t[102] = −3.01, p = 0.003, Cohen's d = 0.59)
with female participants demonstrating higher scores than males in
both cases. Female objectiﬁcation did not signiﬁcantly differ across male
and female participants (t[102] = 1.25, p = 0.215, Cohen's d = 0.24).
No further gender differences were found on the remaining measures
(SIAS: t[102] = −1.26, p = 0.210, Cohen's d = 0.25; SPS:
t[102] = −1.80, p = 0.076, Cohen's d = 0.35; Loneliness:
t[100] =−0.26, p= 0.794, Cohen's d= 0.04). The effect of participant
age on trait measures was signiﬁcant only for female objectiﬁcation (see
Supplementary Table 1). Objectiﬁcation scoreswere negatively correlated
with age, such that younger participants scored higher than older partic-
ipants (r[102]=−0.23, p=0.018). Inspection of this effect in each gen-
der group showed that this effect was driven by a highly signiﬁcant
correlation in the female participant group only (r[47] =−0.39, p =
0.006), with a nonsigniﬁcant effect in the male group (r[53] =−0.09,
p= 0.521).
2.3.2. Threshold task
The point on the morph continuum (ranging from 0–100% human)
at which the participant reported that the stimulus face ﬁrst appeared
to be animate on the threshold judgement task was combined forTable 1
Means, standard deviations and minimum and maximum scores observed for each of the
self-report measures.
Self-report measure n M SD Range
NTBS 102 29.4 6.7 15–44
Loneliness 102 41.6 10.0 21–69
SIAS 104 12.1 4.5 6–28
SPS 104 10.5 4.4 6–25
Objectiﬁcation
Male 104 −5.1 12.1 −25–25
Female 104 5.1 10.9 −25–25
TAS
Identifying Feelings 103 15.7 6.1 7–30
Describing Feelings 104 13.1 4.1 5–23
Externally Oriented Thinking 104 19.3 4.7 9–30
Overall score 103 48.1 11.5 24–74each of the 19 stimuli, to calculate a mean animacy threshold for each
participant (M=68.70, SD=10.96). To analyse the effect of the gender
and emotional expression of the stimulus on perceived animacy thresh-
olds, mean thresholds were also calculated for each gender/emotion
group, i.e., male/neutral (M = 68.29, SD = 12.82), male/happy (M =
63.63, SD= 13.96), female/neutral (M = 71.36, SD= 12.78), female/
happy (M= 69.86, SD= 11.76).
2.3.2.1. Interindividual variability in animacy perception. To examine how
interindividual variability on traits of interest inﬂuenced animacy per-
ception, scores on each of the self-report questionnaireswere correlated
withmean animacy thresholds. Pearson's correlation coefﬁcients are re-
ported in Table 3. All correlations were nonsigniﬁcant, with the excep-
tion of the EOT subscale of the TAS, which showed a negative
correlation with animacy thresholds (r[101] =−0.29, p = 0.003). A
more externally oriented cognitive style was associated with a lower
threshold for perceiving animacy, closer to the inanimate end of the
continuum (Supplementary Fig. 1). To identify whether this relation
was consistent for all subgroups of face stimulus, EOT was correlated
with animacy thresholds in each group individually. Signiﬁcant nega-
tive correlations were found for all stimulus subgroups (male/neutral:
r[101] = −0.26, p = 0.008; female/neutral: r[101] = −0.24, p =
0.013; female/happy: r[101] =−0.33, p= 0.001) except male/happy
stimuli, although this correlation showed a negative trend
(r[101] =−0.13, p= 0.204).
A further analysis was conducted to assess the effect of participant
demographics (gender and ethnicity) on animacy threshold judge-
ments. Ethnicity was originally grouped into one of four broad catego-
ries: Asian, Black, Caucasian, and mixed/other ethnic background.
Since there were relatively few participants with black or mixed/other
ethnic background, only Asian and Caucasian groups were compared
in this analysis (N=91, 20 Asianmales, 23 Asian females, 27 Caucasian
males, 21 Caucasian females). A 2 (gender)× 2 (ethnicity) × 2 (stimulus
gender) mixed ANOVAwas therefore used. Stimulus gender was added
as a third factor to identify any interaction effects between the gender of
the participant and stimulus. The analysis revealed amain effect of stim-
ulus gender (F[1,87] = 25.82, p b 0.001, ɳp2 = 0.23), but no signiﬁcant
main effects or interactions for participant gender or ethnicity (see Sup-
plementary Table 2). The effect of stimulus genderwas consistent across
male and female participants. Participant gender and ethnicity variables
were therefore removed from the remaining analyses.
2.3.2.2. Effects of stimulus variability on animacy perception. The effect of
stimulus qualities on threshold judgements was analysed with a 2 (stim-
ulus gender) × 2 (emotion type) × 2 (chromatic condition) mixed
ANOVA, with stimulus gender and emotion as within-subjects factors,
and chromatic condition as the between-subjects factor (N = 104).
Main effects of both stimulus gender and emotion type were found,
with thresholds for male faces closer to the inanimate end of the contin-
uum than female faces (F[1,101] = 42.04, p b 0.001, ηp2 = 0.29), and
thresholds for happy faces closer to the inanimate end than neutral
(F[1,101] = 13.88, p b 0.001, ηp2 = 0.12). A further interaction effect
was found between stimulus gender and emotion (F[1,101] = 5.00,
p = 0.027, ηp2 = 0.05). Post hoc t-tests indicate that happy faces were
judged to be alive at a signiﬁcantly lower threshold than neutral faces,
for male stimuli only (t[102] = 3.88, p b 0.001, Cohen's d= 0.38), and
not for female stimuli (t[102] = 1.56, p= 0.121, Cohen's d= 0.16). A
signiﬁcant gender difference was observed in both neutral
(t[102] = −3.11, p = 0.002, Cohen's d = 0.30) and happy stimuli
(t[102] =−6.07, p b 0.001, Cohen's d= 0.62) (see Fig. 2). All main ef-
fects and interactions involving chromatic condition were nonsigniﬁ-
cant (see Supplementary Table 3).
2.3.3. Rating tasks
Participants' ratings for whether the stimulus face ‘appears to be
alive,’ ‘is able to feel pain’ and ‘has a mind’ were ﬁrst subject to a linear
Table 2
Pearson's coefﬁcients for intercorrelations between the self-report measures.
Self-report measure 1 2 3 4 5 6 7 8 9 10
1. NTBS –
2. Loneliness −0.08 –
df 100
3. SIAS 0.07 0.51⁎⁎⁎ –
df 102 102
4. SPS 0.05 0.31⁎⁎ 0.62⁎⁎⁎ –
df 102 102 104
Objectiﬁcation
5. Male 0.22⁎ −0.02 0.17 0.13 –
df 102 102 104 104
6. Female 0.08 −0.11 0.04 0.02 0.45⁎⁎⁎ –
df 102 102 104 104 104
TAS
7. Identifying Feelings 0.05 0.40⁎⁎⁎ 0.34⁎⁎⁎ 0.31⁎⁎ −0.04 −0.02 –
df 101 101 103 103 103 103
8. Describing Feelings −0.01 0.43⁎⁎⁎ 0.47⁎⁎⁎ 0.38⁎⁎⁎ −0.00 −0.03 0.70⁎⁎⁎ –
df 102 102 104 104 104 104 103
9. Externally Oriented Thinking −0.12 0.12 0.10 0.21⁎ −0.09 0.23⁎ 0.23⁎ 0.25⁎ –
df 102 102 104 104 104 104 103 104
10. Overall score −0.03 0.41⁎⁎⁎ 0.39⁎⁎⁎ 0.39⁎⁎⁎ −0.05 0.07 0.87⁎⁎⁎ 0.83⁎⁎⁎ 0.62⁎⁎⁎ –
df 101 101 103 103 103 103 103 103 103
⁎ p b 0.05.
⁎⁎ p b 0.01.
⁎⁎⁎ p b 0.001.
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tween 0 and 1, with 1 representing most animacy, and 0 least animacy.
Scores were then combined as for the threshold values, to give a mean
rating for each participant, at each animacy level, in each gender/emo-
tion group and overall.
Mean ratings across participants were ﬁtted with a single-term
Gaussian function in the curve ﬁtting toolbox for Matlab, using the fol-
lowing equation:
f xð Þ ¼ ae − x−bcð Þ
2
 
As shown in Tables 4–6, a good ﬁt was achieved for all models. This
allowed the Point of Subjective Equality (PSE) to be calculated,
reﬂecting the point on the morph continuum at which stimuli were
judged to appear 50% animate.
2.3.3.1. Alive ratings. As found on the threshold judgement task, PSEs
highlight that male faces were judged to appear alive at lower morph
levels (i.e., when ‘less human’) than female faces, and happy faces at a
lower level than neutral faces.
Fig. 3(a) demonstrates that male stimuli were judged to appear
more alive than female stimuli at the majority of morph levels, butTable 3
Pearson's correlations between self-report measures and animacy threshold judgements.
Self-report measure Animacy threshold
df r
NTBS 99 −0.04
Loneliness 99 0.09
SIAS 101 0.04
SPS 101 0.02
Objectiﬁcation
Male 101 −0.12
Female 101 0.04
TAS
Identifying Feelings 100 −0.03
Describing Feelings 101 0.06
Externally Oriented Thinking 101 −0.29⁎⁎
Overall score 100 −0.15
⁎⁎ p b 0.01.this difference is not apparent when stimuli are 0% human or 80%–
90% human. Holm-Bonferroni-corrected t-tests allowed for paired com-
parisons between ratings for male and female stimuli at each of the 11
animacy levels (results are displayed in Supplementary Table 4). This
analysis conﬁrmed that the gender difference in ‘alive’ ratings was sig-
niﬁcant only for morph stimuli between 10 and 70% human, and also
just reached signiﬁcance at 100% human (t[102] =−2.63, p= 0.010,
Cohen's d = −0.22), although at this level female faces were judged
to appear more animate than male faces.
Fig. 3(b) illustrates a greater effect of emotion occurring at higher
morph levels, i.e., when the stimuli were more human. This pattern is
reﬂected in Holm-Bonferroni-corrected t-tests, which demonstrate a
signiﬁcant emotion effects at 40% human and above (see Supplementa-
ry Table 4).
2.3.3.2. Mind ratings. PSEs for the ‘mind’ task (shown in Table 5) follow
the same pattern as the ‘alive’ task, demonstrating that participants
thought male stimuli and happy stimuli were perceived to ‘have a
mind’ at a lower animacy level than for female or neutral stimuli.Fig. 2. Mean animacy thresholds for each stimulus subtype, according to emotional
expression and gender. Male stimulus faces were perceived to be animate at a lower
threshold than female faces, across both emotion groups. Animacy thresholds for male
faces were also lower for stimuli with a happy than neutral expressions (*p b 0.05,
**p b 0.01, ***p b 0.001). Error bars represent ±1 S.E.M.
Table 4
PSEs, model parameters and ﬁt statistics (adjusted r-square and root mean square error)
for each stimulus group on the ‘Alive’ rating task.
Stimulus group PSE (%) a b c R
2 RMSE
Male 60.0 0.82 9.88 5.61 0.989 0.031
Female 64.9 0.84 9.95 4.81 0.989 0.033
Happy 58.1 0.87 9.71 5.24 0.990 0.032
Neutral 66.6 0.80 10.21 5.18 0.985 0.036
Male happy 50.6 0.87 9.14 5.49 0.988 0.034
Female happy 61.6 0.87 9.82 4.89 0.990 0.033
Male neutral 63.9 0.81 10.20 5.50 0.984 0.036
Female neutral 70.2 0.78 10.06 4.56 0.986 0.034
Overall 62.4 0.83 9.99 5.25 0.988 0.032
Table 6
PSEs, model parameters and ﬁt statistics (adjusted r-square and root mean square error)
for each stimulus group on the ‘Pain’ rating task.
Stimulus group PSE (%) a b c R
2 RMSE
Male 66.1 0.82 11.97 7.63 0.971 0.041
Female 71.2 0.74 11.06 6.26 0.974 0.039
Happy 69.3 0.68 9.87 5.31 0.986 0.030
Neutral 68.5 1.10 15.51 9.76 0.962 0.047
Male happy 64.6 0.69 9.52 5.43 0.986 0.029
Female happy 71.4 0.68 9.98 5.16 0.985 0.030
Male neutral 66.8 1.09 15.46 9.92 0.961 0.048
Female neutral 70.9 1.09 15.39 9.39 0.961 0.048
Overall 69.0 0.78 11.54 6.96 0.973 0.040
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face ‘has a mind’ follow the same pattern as ‘alive’ ratings, with male
faces receiving higher ratings and differences decreasing as the stimulus
becomes more human. Overall, the gender difference appears less pro-
nounced than for the ‘alive’ ratings. Nevertheless, Holm-Bonferroni-
corrected t-tests between ratings for male and female stimuli on the
‘mind’ task report a signiﬁcant gender difference between 0 and 70%
human (shown in Supplementary Table 5).
Similar to the gender difference data, emotion effects follow a similar
pattern to ratings on the ‘Alive’ task, with larger differences observed for
more human stimuli (Fig. 3(e)). Again, the differences appear less pro-
nounced on this task than for the ‘Alive’ task, but Holm-Bonferroni-
corrected t-tests report signiﬁcant differences at the same animacy levels
as the previous task, at 40% and above (see Supplementary Table 5).
2.3.3.3. Pain ratings. As for previous tasks, PSEs on the pain task indicate
that male faces are judged to be animate at a lower level (less human)
than female faces. However, in contrast with results from the threshold
task and PSE analysis on the ‘Alive’ and ‘Mind’ tasks, in this task happy
faceswere judged ‘able to feel pain’ at a higher threshold thanneutral faces.
Fig. 3(g) highlights that in the case of thepain task, amore consistent
gender effect appears, at all morph levels, rather than being more evi-
dent at mid-low morph levels. Holm-Bonferroni-corrected t-tests com-
paring the gender difference conﬁrm a signiﬁcant effect at every level
(see Supplementary Table 6).
The effect of emotional expression on stimulus ratings on the pain
task also show a different pattern to the alive and mind tasks (Fig.
3(h)). In this case a greater difference is observed at either end of the
morph continuum than in the mid-range. This is conﬁrmed by Holm-
Bonferroni-corrected t-tests, which conﬁrm a signiﬁcant emotion effect
at 0–30% human and 90–100% human only see Supplementary Table 6.
The graph also illustrates that neutral faces were judged as being more
‘able to feel pain’ than happy faces.
2.4. Discussion
In Experiment One, we demonstrate that the perception of animacy
in stimuli morphed between human and doll faces is inﬂuenced by the
gender and emotional expression of the stimulus face, but does notTable 5
PSEs, model parameters and ﬁt statistics (adjusted r-square and root mean square error)
for each stimulus group on the ‘Mind’ rating task.
Stimulus group PSE (%) a b c R
2 RMSE
Male 59.8 0.85 97.63 51.73 0.988 0.034
Female 63.1 0.85 97.14 46.84 0.993 0.026
Happy 58.9 0.88 95.46 48.84 0.993 0.026
Neutral 64.1 0.83 99.15 49.24 0.986 0.036
Male happy 54.8 0.89 92.84 50.14 0.990 0.033
Female happy 61.0 0.87 96.46 47.69 0.995 0.024
Male neutral 62.5 0.84 100.20 52.21 0.983 0.039
Female neutral 66.3 0.82 97.67 44.85 0.990 0.031
Overall 61.5 0.85 97.42 49.18 0.991 0.030appear to rely on colour cues present in the stimulus. We also show
that externally oriented thinking is associated with reduced animacy
perception thresholds.
The effect of stimulus gender on perceived animacy in this study sup-
ports the ﬁndings of Balas (2013). Balas proposed that the effect of stimu-
lus gender may be driven by objectiﬁcation of female faces. The present
study provides the ﬁrst attempt at testing this hypothesis. Scores on a
scale of female objectiﬁcation showed no signiﬁcant correlation with
animacyperception thresholds, and thus our results donot support this ac-
count. In view of this, an alternative perceptual account of gender differ-
ence in animacy perception should also be considered. Human female
faces share a closer similarity to the doll stimuli used in animacy experi-
ments thanmale faces, due to narrower jawlines and lighter skin pigmen-
tation than males (Brown & Perrett, 1993; Frost, 1988). This could be the
factor that leads to increased animacy thresholds for female stimulus faces.
Male stimuli were also judged to appearmore ‘alive’ andmore likely
to have a ‘mind’ than female stimuli at themajority of morph levels, but
not when stimuli were 80% human or above. This is unlikely to repre-
sent a ceiling effect, since ratings do not reach 100% (consistent with
Looser & Wheatley, 2010). The lack of gender difference at the more
human end of the morph continuum can possibly be explained by differ-
ences in use of cosmetics. All human faces used to create the experimental
stimuli wore no make-up. However, many of the female dolls used gave
the appearance of wearing make-up, including lipstick and eyeliner,
where male dolls did not. These cosmetics can increase the local contrast
of the eyes and lips, and in this case could have affected female stimuli at
the inanimate endof the spectrum(Balas, 2013). This could lead to female
morphed stimuli appearing less realistic than male stimuli at the same
animacy level. It is interesting tonote that in Balas' (2013) study following
the same procedure, human faces were also photographed without re-
moving cosmetics (i.e., cosmetics were present for both doll and human
faces), this may explain why a consistent gender difference in animacy
judgements was found across the morph continuum.
Experiment Two aimed to test this alternative perceptual explana-
tion of gender differences in animacy perception, by creating a set of
stimuli which overcame these potential biases.
3. Experiment Two
In Experiment Two the threshold and rating tasks from the ﬁrst ex-
perimentwere repeated usingmorphed stimuli that combined animate
human faces with computer generated inanimate faces. This removed
the issue of the exaggeration of feminine facial features and make-up
cues present in doll faces, and so allowed an assessment of whether
the observed gender differences in Experiment One were inﬂuenced
by these perceptual factors.
3.1. Method
3.1.1. Participants
Target sample size for the second experiment was 103, to match
those collected in Experiment One. 100 participants who did not take
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Fig. 3.Mean ratings from Experiment One of (a–c) “whether the face appears to be alive”, (d–f) “whether the face has amind” and (g–i) “whether the face is able to feel pain” at each level
of animacy, from 0% human/100% doll to 0% doll/100% human. Y-axis shows ratings from 0 (completely inanimate, e.g. deﬁnitely not able to feel pain) to 1 (completely animate, e.g.
deﬁnitely able to feel pain). Ratings are shown for (a,d,g) each stimulus gender, (b,e,h) each stimulus emotion, and (c,f,i) each stimulus gender/emotion group. In both emotion
groups, male stimuli were perceived to be more alive, more likely to have a mind, and more able to feel pain than female stimuli, from 0 to around 80% human. In both gender groups,
happy stimuli were judged to appear more alive, and more likely to have a mind than neutral stimuli, from around 40% human. In contrast, neutral faces were perceived to be more
able to feel pain than happy faces, at both extremes of the continuum. Error bars represent ±1 S.E.M.
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M = 29.2, SD = 9.2) were recruited online from the website Proliﬁc.
ac. Ethnicity was classiﬁed into Asian (N= 30), Black (N= 4), Cauca-
sian (N= 60), or mixed/other ethnic background (N= 6). All partici-
pants were paid £5 for taking part.
3.1.2. Materials and methods
3.1.2.1. Stimuli. For Experiment Two, a new set of stimuli were created
using FaceGen Modeller (Singular Inversions, Toronto, Canada).Fig. 4. Example stimuli as used in Experiment Two. The upper row depicts female/neutral stimu
continuum.FaceGen was used to create computer generated inanimate versions of
human faces from the RaFD (Langner et al., 2010). These inanimate ver-
sions were then morphed with the originals to make a set of stimuli
highly controlled to match features across the morph continuum (see
Fig. 4). As in Experiment One, stimuli were selected to represent four
categories: male, neutral expression (N = 4), male happy expression
(N= 4), female neutral expression (N= 4), female happy expression
(N = 4). Faces were all Caucasian and without make up or other
distinguishing features, and were displayed in a frame removing exter-
nal features. All stimuliwere 400×400pixels. All stimuli are available atli and the lower row male/happy. Stimuli are shown here at 20% intervals along the morph
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emailing the corresponding author.
3.1.2.2. Procedure. Participants completed all tasks as described in Exper-
imentOne, in the sameorder,with two exceptions. Since in theprevious
experiment the externally oriented thinking subscale of the TAS (Bagby
et al., 1994) was the only trait variable found to be correlated with
animacy thresholds, only this questionnaire measure was retained for
the second experiment. Additionally, as colour condition (chromatic
vs. achromatic) did not signiﬁcantly inﬂuence animacy judgements in
the previous experiment, stimuli were displayed in colour for all
participants.
3.3. Results
3.3.1. Self-report measures
Internal consistency on the TAS (Bagby et al., 1994) was again
shown to be good in this second sample of participants (α = 0.83).
Overall scores on the TAS (M= 51.09, SD= 11.97), and scores on the
Describing Feelings (M = 14.29, SD = 4.35), Identifying Feelings
(M= 17.24, SD= 6.23), and externally oriented thinking (M= 19.56,
SD= 4.45) subscales were calculated for each participant. Firstly, indi-
vidual differences in TAS scores were analysed in terms of age and gen-
der. Pearson's correlation analyses showed no signiﬁcant relation
between age and overall TAS scores (r[98] = −0.14, p = 0.165), or
with externally oriented thinking (r[98] = 0.07, p= 0.498), but scores
on the Describing Feelings subscale did reach signiﬁcance
(r[98]=−0.20, p=0.043), and for Identifying Feelingswasmarginally
signiﬁcant (r[98] = −0.18, p = 0.079). In both cases TAS scores de-
creased with age. Gender differences in TAS scores were compared
with independent t-tests. This revealed no signiﬁcant gender differ-
ences in overall scores (t[99] = 1.05, p= 0.298, Cohen's d = 0.22) or
any of the subscales (Identifying Feelings: t[99] = 0.92, p = 0.363,
Cohen's d=0.19; Describing Feelings: t[99] = 1.45, p=0.151, Cohen's
d=0.30; Externally oriented thinking: t[99]= 0.12, p=0.904, Cohen's
d= 0.03).
3.3.2. Threshold task
Mean threshold judgements were calculated for all stimuli (M =
58.96, SD=15.76), and for each stimulus category, includingmale/neu-
tral (M=58.46, SD=17.67), male/happy (M=59.06, SD=21.71), fe-
male/neutral (M= 59.64, SD= 17.02), and female/happy faces (M=
58.67, SD= 21.57).
Comparison of threshold judgements with those made in Experi-
ment One showed heterogeneity of variances between the two groups,
according to Levene's test (F[1,201]= 8.78, p=0.003).With degrees of
freedom adjusted for unequal variances, an independent samples t-test
showed that thresholds for perceiving animacywere signiﬁcantly lower
(closer to the inanimate end of the continuum) in Experiment Two than
in Experiment One (t(176)=5.10, p b 0.001, Cohen's d=0.73). This in-
dicates that the FaceGen faces used to create the second set of stimuli
appearedmore animate than the previous doll faces, shifting thresholds
closer to the centre of the morph.
3.3.2.1. Interindividual variability in animacy perception. Scores on the
TAS (Bagby et al., 1994) were correlated withmean animacy thresholds
to identify the relation between these variables. Pearson's correlation
coefﬁcients were not signiﬁcant for total scores (r[98] =−0.04, p =
0.705), or for the Describing Feelings (r[98]=−0.01, p=0.978), Iden-
tifying Feelings (r[98] = −0.10, p = 0.309) or externally oriented
thinking subscales (r[98] = 0.04, p = 0.668). Animacy perception
thresholds do not appear to be related to traits of alexithymia in this
sample.
As in Experiment One, the effect of participant age, gender and eth-
nicity on animacy thresholds was analysed. Pearson's correlation coefﬁ-
cient between participant age and mean threshold was not signiﬁcant(r[98] = −0.16, p = 0.104), indicating that threshold judgements
were consistent across age groups. An ANOVA was carried out to com-
pare thresholds across male and female participants, and across ethnic
backgrounds. Firstly, participants were grouped into categories based
on ethnicity, resulting in Asian, Black, Caucasian and mixed/other back-
ground. As in Experiment One, Asian (male N= 21, female N= 9) and
Caucasian (male N= 41, female N= 19) participants represented the
largest groups, and were compared in this analysis due to the very lim-
ited number of participants in other categories (N= 10). A 2 (partici-
pant ethnicity) × 2 (participant gender) × 2 (stimulus gender) mixed
ANOVA showed no signiﬁcant main effects of ethnicity (F[1,86] =
0.46, p = 0.499, ηp2 = 0.01) or participant gender (F[1,86] = 0.51,
p = 0.479, ηp2 = 0.01), or interaction between the two (F[1,86] =
1.25, p= 0.267, ηp2 = 0.01). There were also no signiﬁcant main effects
or interactions with stimulus gender (see Supplementary Table 7). The
results suggest that participants perceived similar thresholds for
animacy whether they had the same or other gender and ethnicity to
the stimulus face.
3.3.2.2. Effects of stimulus variability on animacy perception. To identify
the effect of stimulus gender and emotional expression on threshold
judgements a 2× 2 repeated-measures ANOVAwas carried out compar-
ing responses for male and female, and happy and neutral stimuli. Nei-
ther the effect of stimulus gender (F[1,99] = 0.15, p=0.702, ηp2 b 0.01)
or emotion (F[1,99]=0.01, p=0.919,ηp2 b 0.01)were signiﬁcant in this
analysis. The interaction term was also nonsigniﬁcant (F[1,99] = 0.63,
p=0.428, ηp2 = 0.01). Threshold judgements appear to be fairly consis-
tent across stimulus categories.
3.3.3. Rating tasks
Following the procedure for Experiment One, ratings of the extent to
which the stimulus ‘appears to be alive,’ ‘is able to feel pain’ and ‘has a
mind’ were linearly transformed to give a score between 0 and 1, with
1 representing most, and 0 least animacy. Mean ratings in each of the
stimulus and emotion categories, at each animacy levelwere then calcu-
lated for each participant. Data from three participants was excluded
from the ‘mind’ task prior to analysis, as they had given either themax-
imum or minimum rating possible to every stimulus face within one or
more gender/emotion categories. This was taken as an indication of a
technical difﬁculty or fatigue on the task. This resulted in 100 partici-
pants for the ‘alive’ and ‘pain’ rating tasks, and 97 participants on the
‘mind’ task only (30 female, 67 male, age range 18–61 years, M =
29.3, SD= 9.4).
As shown in Fig. 5, ratings on all three dimensions showed relatively
little change across the animacymorph continuum. This meant that PSE
values could not be calculated from the data. Comparison of mean rat-
ings at each animacy level are therefore described below.
3.3.3.1. Alive ratings. Ratings of the extent to which the stimulus face ap-
peared to be alive were compared in a 2 (gender) × 2 (emotion) × 11
(animacy level) repeated-measures ANOVA (see Supplementary Table
8). This revealed signiﬁcant main effects of gender (F[1,99] = 31.90,
p b 0.001, ηp2 = 0.24), with male faces rated as appearing more alive
than female faces, and emotion (F[1,99] = 200.41, p b 0.001, ηp2 =
0.67), with happy faces appearing more alive than neutral faces. The
main effect of animacy level was also signiﬁcant (F[1,99] = 21.51,
p b 0.001, ηp2 = 0.18), with faces rated as appearing more alive towards
the animate end of the continuum, although it should be noted that this
effect was smaller than that of emotion or gender. The analysis also re-
vealed a signiﬁcant interaction between gender and emotion
(F[1,99] = 10.34, p = 0.002, ηp2 = 0.10), and between gender and
animacy (F[10,990] = 2.76, p = 0.002, ηp2 = 0.03). Holm-Bonferroni-
corrected post hoc t-tests demonstrate that the effect of gender on rat-
ings for happy faces was signiﬁcant only at the 70% level of animacy
(t[99]= 3.23, p=0.002, Cohen's d=0.35). However, the gender effect
was signiﬁcant for neutral faces at 0–50 and 70–80% human (shown in
92 N.C. Bowling, M.J. Banissy Journal of Experimental Social Psychology 71 (2017) 83–95Supplementary Table 9), indicating that the effect of genderwas present
more for neutral faces, towards the inanimate end of the continuum.3.3.3.2. Mind ratings. Ratings for whether the stimulus face appeared to
have a mind also showed a main effect of gender (F[1,96] = 5.04,
p=0.027, ηp2 = 0.05), with higher ratings associated with male stimuli
than female, and emotion (F[1,96] = 54.22, p b 0.001, ηp2 = 0.36), with
higher ratings given to stimuli with happy expressions than neutral. The
main effect of animacy level was also signiﬁcant, with ratings increasing
across themorph continuum (F[10,960] = 32.46, p b 0.001, ηp2 = 0.25).
In this task no signiﬁcant interactions between the three variables were
found (see Supplementary Table 8).3.3.3.3. Pain ratings. For the rating task requiring participants to decide
whether the stimulus face was capable of experiencing pain, again a
main effect of gender (F[1,99] = 16.69, p b 0.001, ηp2 = 0.14), and emo-
tion (F[1,99]= 51.50, p b 0.001, ηp2 = 0.34) were observed. However, in
this case the effectswere reversed comparedwith previous tasks, where
a greater capacity to experience pain was attributed to neutral faces
than happy, and to female faces than to male. The main effect of
animacy was also signiﬁcant (F[10,990] = 3.11, p = 0.001, ηp2 =
0.03). Again, no signiﬁcant interaction effects were shown (see Supple-
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Fig. 5.Mean ratings fromExperiment Two of (a–c) “whether the face appears to be alive”, (d–f)
of animacy from0%human/100% computer generated to 0% computer generated/100% human.
(completely animate, e.g. deﬁnitely able to feel pain). Ratings are shown for (a,d,g) each stimul
Male faces were perceived as more likely to be alive and to have a mind than female faces, bu
expression were also perceived as more likely to be alive and to have a mind than neutral face3.4. Discussion
The results of Experiment Two partially replicate the ﬁndings from
Experiment One and show that the effects of stimulus gender and emo-
tional expression on animacy perception are consistent across varying
stimulus types. In this regard, the hypothesis that gender differences
in animacy judgements are driven by exaggeration of facial features
and apparent cosmetics present in female dolls was not supported.
When participants were required to rate the extent to which stimulus
faces appeared to be alive, or to have a mind, female faces were again
perceived as less animate using highly controlled computer generated
stimuli without the bias of feminised facial features or apparent cos-
metics. This reafﬁrms a small but robust effect of gender in animacy per-
ception, although the cause of this effect remains unclear.
One may note that the effects of gender and emotion were only
found on the rating tasks, and not on the threshold setting task in
which participants could freely select the point at which animacy was
ﬁrst perceived. The realistic nature of the inanimate stimuli used in Ex-
periment Twomay suggest a reason for the lack of gender and emotion
effects on this task. Thresholds were strikingly consistent across each
gender and emotion category, with animacy ﬁrst perceived when the
stimulus was approximately 58–59% human. We show that thresholds
for the morphed FaceGen stimuli were signiﬁcantly lower (closer to
the inanimate end of the continuum) than for themorphed doll stimuli
in Experiment One. This is perhaps unsurprising, since programs such as
FaceGen aim to create a more realistic face stimulus than the dolls used50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
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t (in contrast with Experiment One) less likely to be able to feel pain. Faces with happy
s, but less likely to be able to feel pain. Error bars represent ±1 S.E.M.
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end would therefore shift thresholds closer to this end of the continu-
um. As can be observed from the rating task results (see Fig. 5), stimuli
were rated fairly consistently across each level of animacy. This indi-
cates that it may have been difﬁcult for participants to distinguish be-
tween the animacy levels, and therefore to select the point at which
animacy was ﬁrst perceived. Participants may then have been more
likely to select a similar threshold on every trial, closer to the middle
of the continuum, if they found the stimuli too similar to distinguish
between.
In the case of rating whether the stimulus face was able to feel pain,
effects of gender and emotion were also observed in Experiment Two.
However, female stimuli were rated as more able to feel pain (i.e.,
more animate) than male faces, in contrast with the ‘alive’ and ‘mind’
tasks, andwith the results of Experiment One. This effectmay have aris-
en frompre-existing assumptions regarding gender differences in sensi-
tivity to pain. Research using the Gender Role Expectations of Pain
(GREP) questionnaire (Robinson et al., 2001) demonstrates that both
male and female participants rate women as more sensitive to, and
less enduring of pain thanmen. Perhaps this gender bias inﬂuenced rat-
ing judgements on the task. While this bias did not appear to inﬂuence
‘pain’ judgements in the ﬁrst experiment, perhaps this discrepancy can
also be attributed to differences in the perceived animacy of the two
stimulus sets. If participants found it difﬁcult to distinguish faces at dif-
ferent animacy levels in Experiment Two, then perhaps theyweremore
likely to rely on gender information than animacy to make rating
judgements.
The relation between higher levels of externally oriented thinking
and lowered animacy perception thresholds was not replicated in Ex-
periment Two. This does not seem to be a result of the range of TAS
scores obtained from the second participant group, as this was consis-
tent with those in Experiment One. Again, since this correlation mea-
sure was based on threshold judgements, the relation between
variables may have failed to arise in this case if participants found the
stimuli too difﬁcult to distinguish between. Further research is neces-
sary to clarify the link between animacy perception and externally ori-
ented thinking.
4. General discussion
The present research aimed to elucidate the extent to which facial
animacy judgements are inﬂuenced by a) the gender of the face, b)
the emotional expression of the face, c) colour cues and d) interindivid-
ual variability relevant to social interaction, across varying stimulus sets.
The results demonstrate for the ﬁrst time that the emotional expression
of the stimulus face modulates animacy perception, with happy male
faces perceived as being animate at a lower level than neutral male
faces. Our results also provide further evidence that animacy is per-
ceived more readily in male faces than in female faces. This effect was
not driven by objectiﬁcation of female faces or by cosmetic features as-
sociated with inanimate female stimuli that have been used in the past.
Animacy judgements were also not affected by whether the stimulus
was chromatic or achromatic, butwere found to correlatewith an exter-
nally oriented cognitive style. Together the results provide important
implications for understanding variability in animacy perception and
social interaction.
4.1. Stimulus variability factors that contribute to animacy judgments
The mean animacy perception threshold across all stimuli in Exper-
imentOnewas 69%. This lies very close to the 67% threshold reported by
Looser andWheatley (2010). The sigmoid function observed in animacy
ratings across themorph continuum, and PSE values shifted towards the
animate end of the continuum also align with results from previous
studies (Balas, 2013; Balas & Horski, 2012; Hackel et al., 2014; Looser
& Wheatley, 2010). The similarity between animacy thresholds andPSE values in this study and previous studies indicates a reliable and
consistent animacy boundary across experimental procedures, and test-
ing environments (either online or in the laboratory). However,
animacy thresholds using morphed computer generated stimuli in Ex-
periment Two were signiﬁcantly lower, around 58% human. This sug-
gests that threshold values previously reported may be limited to
stimuli morphed from dolls or statues, as have been consistently used
in previous literature. Research should now be extended to other
types of inanimate stimuli to identify the extent to which this perceptu-
al threshold may vary.
The hypothesis that animacy perception from faces would be en-
hanced for stimuli expressing emotion was supported in both experi-
ments. It appears that emotional expressions indicate a capacity to
experience emotions. This evidence provides an additional suggestion
of why the eyes disproportionately inﬂuence animacy judgements, as
they convey information about emotional state (Eisenbarth & Alpers,
2011; Yuki et al., 2007). The role of emotional expression highlights
the importance of social cues, in addition to the featural and structural
properties of the face, in perceiving animacy. This ﬁnding does come
with a caveat, as the current study used only happy and neutral expres-
sions. It therefore cannot be determined whether the observed effect
was a product of emotion expression in general; or of positively-
valenced emotion speciﬁcally. Future research should aim to establish
the role of positive and negative emotion in attributing animacy to
faces.
Across both experiments we support previous evidence of the effect
of stimulus gender in animacy perception (Balas, 2013), withmale faces
tending to appear more animate than female faces. We extend these
ﬁndings to show that both male and female participants judge male
faces to appear more animate than female. We found no support for
Balas' suggestion that gender differences may be caused by objectiﬁca-
tion of female faces, as animacy threshold judgements were not signiﬁ-
cantly correlatedwith individual variability in objectiﬁcation. The effect
of gender also cannot be reduced to biases in the doll stimuli used by
Balas, or in Experiment One of this paper. It was proposed that the ap-
pearance of cosmetics present in female dolls, or the feminine facial fea-
tures of doll stimuli, such as lightened skin pigmentation and narrow
jawlines could have driven the gender effects observed in these exper-
iments. However, in Experiment Two we report comparable gender ef-
fects for computer generated inanimate stimuli without such biases.
Further research is needed then, to identify the mechanisms behind
the inﬂuence of gender in animacy perception.
When rating whether a stimulus was able to feel pain, the effect of
emotional expression was reversed compared with ‘alive’ and ‘mind’
judgements, with lower ratings given to happy faces than neutral. Par-
ticipants were less likely to attribute the capacity to feel pain to faces
that were expressing an emotion incongruent with the experience of
pain. In Experiment Two, female faces were judged to be more able to
experience pain than male faces, also in contrast with judgements of
animacy on the ‘alive’ andmind’ tasks.We propose that this may reﬂect
a gender bias in the perception of others' sensitivity to pain, since both
men and women tend to attribute greater pain sensitivity to women
than to men (Robinson et al., 2001). While these explanations seem
straightforward, the ﬁndings suggest that deciding whether or not a
face is capable of experiencing pain relies on different stimulus cues to
deciding whether the face appears alive or has a mind, and therefore
these may reﬂect two distinct processes. Gray, Gray, and Wegner
(2007) propose two core dimensions to mind perception: experience
and agency. This account ﬁts with the results of the ‘alive’ and ‘mind’
rating tasks. If face was perceived as experiencing emotion, then it was
associated with appearing more alive, and more likely to have a mind.
However, if the capacity to feel pain is to be considered an aspect of
the mind, then the experience of emotion should also increase mind
perception in this aspect, according to Gray and colleagues. In our stim-
uli the opposite effect was observed, with emotion expression resulting
in reduced perception of the capacity for pain. Further investigation is
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Finally, in Experiment One, animacy judgements were not signiﬁ-
cantly affected by whether the stimulus was chromatic or achromatic.
This suggests that skin pigmentation is not a vital cue for animacy per-
ception. It should be noted that pigmentation is not the only cue that
can be gained from the skin. Texture and shading details are also rele-
vant for other aspects of face processing (Bruce & Langton, 1994;
Meinhardt-Injac, Persike, & Meinhardt, 2013), suggesting that these
cues may have inﬂuenced animacy judgements on the task. However,
Looser and Wheatley (2010) show that while animacy ratings for the
eyes alone accounted for 75% of the variance of whole-face ratings in
their experiment, ratings for skin patches did not account for a signiﬁ-
cant proportion of this variance. In fact, animacy ratings for the
morphed skin patch stimuli increased only by around 10% between
100% inanimate and 100% animate stimuli. This indicates that skin prop-
erties do not provide a particularly useful cue to animacy. Overall, our
ﬁndings support the validity and generalisability of previous studies
which have used chromatic images to compare animacy judgements
for different stimulus groups (Balas, 2013; Hackel et al., 2014; Looser
& Wheatley, 2010; Powers et al., 2014; Swiderska et al., 2012;
Wheatley et al., 2011). This provides useful implications for future
animacy research, as it appears equally valid to present chromatic or
achromatic stimulus faces.
4.2. Perceiver variability factors that contribute to animacy judgments
Prior work has suggested that an individual's desire for social con-
nection may inﬂuence the threshold at which animacy is perceived.
Powers et al. (2014) report a negative correlation between scores on
the NTBS and animacy thresholds, indicating that animacy was per-
ceived more readily by participants with a greater need to belong. This
correlation was not replicated in our participant sample in Experiment
One. It is worth noting that our sample was larger (104 vs. 30) and
showed awider range ofNTBS scores than the sample recruited by Pow-
ers and colleagues. It is possible that the extra anonymity provided by
an online experiment affected increased the honesty of participants' re-
sponses on this self-report measure. Comparison of Internet and lab-
based self-report measures indicates that online tests are as reliable as
those conducted under controlled conditions (Buchanan & Smith,
1999) and are likely to result in more honest self-disclosure (Joinson,
1999). There was also no signiﬁcant correlation between self-reported
loneliness and animacy perception, as predicted based on the research
of Epley et al. (2008). However, the studies conducted by Epley and col-
leagues focussed on the attribution of anthropomorphic traits to ani-
mals and objects, rather than human faces. It appears that the
modulating effect of loneliness may be limited to these kinds of stimuli.
Overall, while our ﬁndings contradict those previously reported, further
research is necessary to establish the link between desire for social in-
teraction and the readiness with which animacy is perceived.
In Experiment One, higher levels of externally oriented thinking, a
subscale of the TASmeasure of alexithymia (Bagby et al., 1994)were as-
sociated with increased likelihood of perceiving animacy. However, this
effect was not replicated in Experiment Two, which we suggest may be
related to the difﬁculty ofmaking threshold judgements using this stim-
ulus set. The externally oriented thinking subscale is associated with fo-
cussing attention on external events rather than inner feelings and
emotions (Bagby et al., 1994). It is possible that individuals scoring
highly on this subscale may be less inﬂuenced by the emotional and so-
cial cues in the stimuli, andmore inﬂuenced by low-level perceptual dif-
ferences when making animacy judgements. This could result in
reduced thresholds for perceiving animacy. The second point to consid-
er is that a lower animacy PSE is also closer to the true point of equality
(50%) than a higher PSE. An alternative explanation of the data is there-
fore that lower animacy thresholds reﬂect more accurate animacy
judgements. Those with an externally oriented cognitive style maytherefore be more accurate at animacy perception as a result of relying
more on perceptual than social cues. In this study, for instance, a stimu-
lus face that was smiling was nomore likely to be animate than a stim-
uluswith neutral expression. Therefore allowing social cues to inﬂuence
animacy judgements would not improve accuracy. One way of explor-
ing this hypothesiswould be to design an animacy taskwith ‘correct’ re-
sponses. This could involve, for example, a sorting task in which
participants must arrange stimulus faces at different animacy levels
into the correct answer. This would allow conclusions to be made re-
gardingwhether cognitive style and stimulus qualitiesmodulate the ac-
curacy, as well as the likelihood, of animacy perception. At present,
however, the link with animacy perception indicates wider differences
in face processing in alexithymia than previously thought, which carries
important implications for understanding the underlying causal
mechanisms.4.3. Summary
Across two experiments, we establish the effects of both stimulus
and individual variability in making animacy judgements. The ﬁndings
corroborate previous evidence that the threshold at which animacy is
perceived along a continuum is inﬂuenced by the gender of the stimulus
face (Balas, 2013). In addition, we provide novel evidence to suggest
that this threshold is also inﬂuenced by the emotional expression of
the stimulus, with happy faces perceived as being animate at a lower
threshold than neutral faces. With regards to individual variability, we
ﬁnd some evidence that an externally oriented thinking style was asso-
ciated with lower animacy thresholds. Taken as a whole, these ﬁndings
provide vital guidance for the careful control of stimuli in future facial
animacy perception research. They also give rise to broader implications
for the study of alexithymia, aswell as for the role of cognition, emotion
and gender in social perception.Acknowledgements
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